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Synthesis and characterization of CzBN derivatives, 5CzPh, 2DPhCzPh, 2DMeCzPh, and 3DPhCzPh.
1) 2,4,6-tris(9H-carbazole-9-yl)-3,5-bis(3,6-diphenylcarbazole-9-yl)benzonitrile (3Cz2DPhCzBN)
First, 3,6-diphenylcarbazole (1.0 g, 3.15 mmol) was added to a dispersion of sodium hydride (60% 75, 141.39, 140.49, 138.99, 137.99, 137.94, 136.73, 133.99, 128.66, 127.03, 126.64, 125.49, 124.75, 124.43, 124.28, 124.06, 123.88, 121.28, 120.91, 120.35, 119.78, 118.06, 117.11, 112.80, 110.72, 110.65, 110 .41 84, 139.04, 137.89, 137.06, 136.31, 129.48, 125.30, 124.36, 124.08, 123.82, 123.77, 120.92, 120.45, 120.12, 119.33, 110.77, 110.37, 109.89, 21 .09 67, 141.40, 140.38, 139.00, 138.87, 137.93, 137.84, 137.72, 136.64, 136.55, 133.93, 128.65, 127.02, 126.62, 125.46, 125.39, 124.58, 124.39, 124.36, 124.25, 124.13, 123.91, 123.84, 123.68, 121.22, 121.17, 120.79, 120.50, 120.32, 120.23, 119.61, 119.45, 118.02, 116.95, 112.79, 110.71, 110.66, 110.39, 110 .26 
MS (MALDI-TOF MS

MS (MALDI-TOF MS):
4) 2,4,6-tris(3,6-diphenylcarbazole-9-yl)-3,5-difluorobenzonitrile (2F3DPhCzBN)
First, 3,6-diphenylcarbazole (1.0 g, 3.13 mmol) was added to a dispersion of sodium hydride (60% in mineral oil 0.13 g, 3.13 mmol) in anhydrous THF (20 ml) at 0 °C. After stirring for 30 min, 2,3,4,5,6-pentafluorobenzonitrile (0.20 g, 1.04 mmol) was added to the mixed solution under argon atmosphere. The reaction mixture was stirred at room temperature overnight. The reaction mixture was quenched with water and the precipitate was filtered and washed with water and methanol. The obtained solid was purified by column chromatography on silica gel (chloroform:hexane, 2:3 v/v) and then reprecipitated from chloroform/ethanol to produce 2F3DPhCzBN as yellow powder (0.34 g, 0.31 mmol, 30% 40, 141.19, 139.94, 139.11, 135.90, 135.75, 128.91, 128.90, 127.48, 127.41, 127.14, 127.06, 126.55, 126.49, 125.31, 125.15, 119.71, 119.40, 110.44, 109 .80. 51, 141.21, 140.49, 138.96, 137.94, 136.66, 134.84, 134.21, 128.75, 128.61, 127.28, 126.98, 126.79, 126.65, 125.01, 124.84, 124.59, 124.00, 120.73, 119.70, 118.87, 118.11, 111.10, 110.83, 110.30 . 
MS (MALDI-TOF MS
7) 1,3-bis(3,6-diphenylcarbazole-9-yl )benzene (2DPhCzPh)
A mixture of 1,3-dibromobenzene (1.0 g, 4.24 mmol), 3,6-diphenylcarbazole (2.94 g, 9.33 mmol), tris(dibenzylideneacetone)dipalladium (0.19 g, 0.21 mmol), tri-tert-butylphosphonium tetrafluoroborate (0.25 g, 0.85 mmol) and sodium tert-butoxide (1.22 g, 12.7 mmol) in 50 ml of toluene was heated and stirred at 120°C for 12 h. After cooling, the mixture was partitioned between chloroform and water. The organic layer was separated, and the aqueous layer was extracted with the chloroform. The combined organic layers were washed with brine and dried over Mg 2 SO 4 . The crude product was purified by column chromatography on silica gel (CHCl 3 ) and then recrystallized from acetone and methanol to yield 2DPhCzPh as a white solid (2.6 g, 3.64 mmol, 86% 74, 140.48, 139.40, 134.16, 131.44, 128.33, 127.35, 126.74, 125.93, 125.74, 124.95, 124.32, 119.05, 110 .11 
MS (FD-MS
8) 1,3-bis(3,6-dimethylcarbazole-9-yl )benzene (2DMeCzPh)
A mixture of 1,3-dibromobenzene (2.00 g, 8.48 mmol), 3,6-dimethylcarbazole (3.64 g, 18.7 mmol), tris(dibenzylideneacetone)dipalladium (0.388 g, 0.424 mmol), tri-tert-butylphosphonium tetrafluoroborate (0.492 g, 1.70 mmol) and sodium tert-butoxide (2.44 g, 25.4 mmol) in 100 ml of toluene was heated and stirred at 120°C for 24 h. After cooling, the mixture was partitioned between chloroform and water. The organic layer was separated, and the aqueous layer was extracted with the chloroform. The combined organic layers were washed with brine and dried over Mg 2 SO 4 . The crude product was purified by column chromatography on silica gel (toluene) and then recrystallized from acetone and methanol to yield 2DMeCzPh as a white solid (3.01 g, 6.48 mmol, 76%).
H NMR:
(500 MHz, CDCl 3 ): δ (ppm) = 7.90 (s, 4H), 7.77 (m, 2H), 7.63 (d, J = 7.9 Hz, 2H), 7.41 
9) 1,3,5-tris(3,6-diphenylcarbazole-9-yl )benzene (3DPhCzPh)
A mixture of 1,3,5-tribromobenzene (0.5 g, 1.59 mmol), 3,6-diphenylcarbazole (1.78 g, 5.57 mmol), tris(dibenzylideneacetone)dipalladium (0.16 g, 0.15 mmol), tri-tert-butylphosphonium tetrafluoroborate (0.19 g, 0.64 mmol) and sodium tert-butoxide (1.37 g, 14.3 mmol) in 30 ml of toluene was heated and stirred at 120°C for 12 h. After cooling, the mixture was partitioned between chloroform and water. The organic layer was separated, and the aqueous layer was extracted with the chloroform. The combined organic layers were washed with brine and dried over Mg 2 SO 4 . The crude product was purified by column chromatography on silica gel (toluene:hexane, 3:7 v/v) and then reprecipitated from toluene/ethanol to produce 3DPhCzPh as a white powder (0.5 g, 0.49 mmol, 30%).
H NMR:
(500 MHz, CDCl 3 ): δ (ppm) = 8. 45 (s, 6H), 8.11 (m, 2H), 7.76 (m, 24H), 7.49 (t, J = 7.7 Hz, 12H), 7.38 (t, J = 7.4 Hz, 6H) 13 C NMR: (125 MHz, CDCl 3 ): δ (ppm) = 141. 57, 140.96, 140.18, 134.66, 128.87, 127.37, 126.88, 126.16, 124.63, 123.11, 119.23, 110 .12 
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